The free energies of complex formation and of activation for the reaction of periodate ion with glycol by Bulgrin, Vernon C.
Retrospective Theses and Dissertations Iowa State University Capstones, Theses andDissertations
1953
The free energies of complex formation and of




Follow this and additional works at: https://lib.dr.iastate.edu/rtd
Part of the Physical Chemistry Commons
This Dissertation is brought to you for free and open access by the Iowa State University Capstones, Theses and Dissertations at Iowa State University
Digital Repository. It has been accepted for inclusion in Retrospective Theses and Dissertations by an authorized administrator of Iowa State University
Digital Repository. For more information, please contact digirep@iastate.edu.
Recommended Citation
Bulgrin, Vernon C., "The free energies of complex formation and of activation for the reaction of periodate ion with glycol " (1953).
Retrospective Theses and Dissertations. 13359.
https://lib.dr.iastate.edu/rtd/13359
NOTE TO USERS 
This reproduction is the best copy available. 
UMI 

fill- wnm mmaim m compm: ioi m 4Gfmtloi 
wm fm mmxm m- fmiomm wm wifi  
w 
tmnm C. Iwlfrim 
A ®iss.«ta%.t©a t© tli« 
&raa«a%« in f&ttial &t 
fh® f@r tli# B«gr«« ©f 
Bmmu OF PHILOSOm 
Miijd? -Fiiysifal €!&®«lstt|r 
.Appfm&At 





Signature was redacted for privacy.
Signature was redacted for privacy.
Signature was redacted for privacy.
UMI Number: DP12610 
INFORMATION TO USERS 
The quality of this reproduction is dependent upon the quality of the copy 
submitted. Broken or indistinct print, colored or poor quality illustrations and 
photographs, print bleed-through, substandard margins, and improper 
alignment can adversely affect reproduction. 
In the unlikely event that the author did not send a complete manuscript 
and there are missing pages, these will be noted. Also, if unauthorized 
copyright material had to be removed, a note will indicate the deletion. 
UMI 
UMI Microform DP12610 
Copyright 2005 by ProQuest Information and Learning Company. 
All rights reserved. This microform edition is protected against 
unauthorized copying under Title 17, United States Code. 
ProQuest Information and Learning Company 
300 North Zeeb Road 
P.O. Box 1346 
Ann Arbor, Ml 48106-1346 
Q D B o 5 i A 3  
&  8 T 1  f  
misi OF coitiits 
Pag® 
IlflOOtCflQS 1 
psapoii scopi m tm immfzu-tmn 7 
EZfmimmAt ii 
laorganle Material® 11 
Glycols 12 
Rate Det@f»lmti@a« 1? 
i3isc®iio» m 
farlatioa of lat« with pi for ltiifl«ii®t 
JhPOfyl®tt«i. and I«¥o* ' mA 
Olfeols 22 
fartatioa of iat« with §lye©l Concentratioaf 









fb« perlo4at« glyeols has fe©®ii. 
u»&& ©*t#»siv®a.y im the fi®M ©f ©rgaiiie eh^lstry as an 
analrtieal t©«»l for the qvmntttmtim i®t®ml.aatl©ii. of c^-
pomas of till® tff@| and la strmetwp® proof r@#@areh, for 
thes® purposesI p©rioii« a#ii has two Important advantages 
over sliillar oxiiantat it aihlhlts parhaps th® highest 
4®ir#e @f »p«#lfioit3r for th# cl«avag@ raaetloni mA it 
may h® in a«|mao«» solmtion#. 
Iitoa Maljiprade (3.|2), in 1928, was th® first to daaon-
strata th« iis«f»ln®ss of pariodle aoii as a reagent for 
the oxiiatioa of l,a- glyeols#.. Smhsefment mrk hj flewry 
ana aisoeiates aiA IMion aM eo-workers greatly exteniei 
the range of applieatton of the reaoti©a| their work la 
stfflwarisea in an exeelleat artiele hf Jaekson C3)| who 
has orltieally revlewei the literature of perioiate oxi­
dations mp to Marthf lf^a» later review artlelea hy Siiith 
(k) and hy Watere Cf) hrlng the smhjeet np to date# 
Matere also #«]^ref the relative applleafeility of many 
speoifie ^idantet inelmdinf lead tetraaeetate, potasslw 
per»anganate, hydrogen peroxide| ehromlc aeid and chromyl 
ehlorlde and seleniwi dioxide# 
fhe type of. linkages ^ ieh nnderg© oieavafe by peri* 
odie aeid are 8»»arised in Table !• fhe prodmets aref ia 
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* « |a» fMl 
assoelatts C8t9) tfct@ felaetlei ©f the oxldatiom of 
«tbyl«a# glfumtf. ptmml &M eis- ani traas- eycl^®x«a« 
glywls... for glyeolf tli#y f©«ai & a®ar3Ly «©»• 
stftat- rati of ©scidatl©® in the pM tang® tlir®» t© s®v®a» -
fli® reaeti®a mppe&rM t# to® bi»#l®€«lar, fljpat offl®r la 
f®fl0iat« ®Bfl als@ first #rAei» la flFe©l.|. th® amthort 
afp«@t with €rim®® tteat th# mt& det^miniug step ©f tl»® 
o3Eiiatl®a m® tli® f©matioii ®f & il«ste3?i 
• G • §1 * CJ • 0^ 
I 4- 1|I04 I 
I fast 
HOj • 2 > i « 0 4 la0 • 
MmmmTf Fries® ,&ni liis ais©elat®« eoiiflBsi. their a®asBi»«-
m®»t8 t© -reyir iilmt® s^ltttioas, ^iiiey whleh ®©»ilti©is® a 
liiBit@d Mowit ©f iaf©watlf« data ®©iiM 'to® ©btaia«i'# 
th^ al»® fmmi. that pta®©©!. m©% mnlf ,m» ©xiila®# at & 
mmh slovef rat® \mt als© @3chi*bit ,^ ® fiftt oraef 
hyir©g«n £©a eatalfiis ©f®r th# pi r&ag® tw© t© f®«?-| the 
possihility ©f .attaek hf miit8©et&t®i H|I04 -ma aiig,g®st9i 
t© explain th® hfAm$m i©» 4ep®iii®iae®»  ^
lelit aad e©-w©rk®i'» CM) air#®i with Criege® .aM 
with fi^te® regariihg th® f©»ati©ii ©f aa iiit®w®di®t® 
©yeiie ii«st«r». I@i4t alio 8«t f©rth a Ii»t ©f physical 
pjfoperti®# ti3»t mj ©3iliaiit able to eleav® glye©!® amst 
$ 
!• fli® ©satyal -tM ©xMaat past Mm & tiam-eter 
•""f® 
&£ 2»f x 10. t#.3,:.t'* 10 «• Clarg# ®»©iagli to 
feriag® th« gap 1ittw®ii OH gr©«ps)« 
2# fla# eeRtml :at0«i a«st l»@ ®fe'l« to e©©f€4iiat« at least 
tw» 01 la a4€lt.l®tt t0 gromfs ftlt#aty on* 
3». fli® iral»ii6« mt til® esatral a.t<» »m8t %f tw® 
tmtts tliat #f tlie a«xt lw®st st&t>l# rat®# 
h» Th® ojEliaut »fci©iild imm m mln# ©f sthmxt 
felts witii r®i.|}«.©t t© tfe® l©¥®»t itaM® mlmm® 
state-» 
Cllt.lt> that e«rle pmsmms 
mm ©f thm mhor® pr^iJ^rfcl##-! acts a» a .sfeeifl# ©xiia»t 
fojr til® el®airag« ©1" .glyeeli, 
la IW, C13) ttmAring' tfe® ©xldatioa -Qf ®ttoyl«a« 
glyeol in aeii .8@lmti«, f©tiM t&at at Mgli®!? glr®©l ©©»••• 
eeatratlcawi C®»2. M -ani-atoo^®) tli® rat© ©f r@a«itleii l3®ea»® 
irirtmllr lii4«p«M®at mt glyml ©©aeamtrati©®#. 1® fiartlier 
d«ffi0a#tra.t  ^ that fm glye©! &©iie®iitrati©as graater tbaa 
tlar®® times tfe® perlo^at® e®iie«atrati@ft th® mm%%m «ai 
first ordar ©wrallf fl©t» of tli« l©garitl» M th® total 
p«ri©i«te ©oiie®iatratl©ii irarstii tiia® gtflug • »t.rai.ght lints* 







« k C6€W|s1«x) « k* 
whey# k* « 
Pf « %Q%ml f«tieiat« ©@a«®tttratiOH, 
ia©ltadiiig all apeeldi. 
§ « ©oBe®atrati©a ®f glfrnX* 
lE a iMtew p&W^Tf Imis:® «ii irea®!? Cl^) shm  ^ timt pei-lud-
at« e0©i»iliiat®# aot «®3r# tiaii oae glyc©l® ffioleeml®*. 
1 
fmwmn 4» ac0Pi if tai" iitMfMAfioi 
k kiaetle stwiF ©f the ©xliatlea ©f th« h«®logoms 
««ri#s ®thjl«a« gl3re®l threngh pii»#ol ws waiertaktmt 
with th# f©l.l©wlmg ©fejectl^si 
f® i@t«3»iia® th® twm eii«rgi«» mt aetimtlQH ani ©f 
ee®pl«3i f©imti» f©r & ««ri«8 ®Jf ilyeelif with 
j^ssltel® att«ipt» t@ r©.lat® ta r®®«tiirity 
to ati^etiMP#.*.. 
2#...^  ^ T# asii«rtiiin whether #r a©t a r^latieashif might #xist 
h«twe@s thg «q«ilihriwi e#aitaiit f©r th® of 
th® ©ea]^l« a»i th® rat© mmtmt for it# iispr®-
f©rti«ati#ii#. 
3# 1# otes«rir® th® ®ff#iit «f ««thrl imhstittiti^a gu th® 
rat® ©f eltAiraf# ©f «thr3-®«« glyecilf anA th®r©hy g&tm 
lasifht i»t@ tht ttattS'toii.l fE itpsaiiiiie® ©f th® 
pKM&tlm mf pimml*. 
f© ©htatm »or« IrxformattoB it1i©mt th@ mtur® ©f th® 
mmtim 8p«ti«f| in pirtic^lar, t@ attwipt a qmati-
tatiw e0rr®Mti@ii ©f th® irariatiea ef rait® with pU* 
tn e®na#etiM with the lait oh3©eti¥«| 
Watora <5) ikttrlbiit«i th® is®astaia«3r nf th@ rat® ±m the pi 
rsiag® thr®@ t© tevea t® th# faet that h|?drof«a i®ii 
estslysi® is halaneei i«er@a#^iag i©ai2ati®a ®f 
t® th® r®aeti^« fsiof th® iiita @f eroiithiffi®! waft 
8 
(iff 16) the eqwlli'bi'iwi eoastants @f p#?!'* 
©die aelti It if t© shm tMt., in tMi» pH rangei 
thm mmmtmtim ®f aefativ® tm is a®a.rly eoastaiiti %hm 
mm%im immpt ia t&® ms» ©f pinatol) io#i mt dep^M 
upoB im mmmtmtim iire^tXy#. 
Freirioms iirrettigat^i'S t^@ stoiehi^etrr ®f 
the «ii«ti@ii s®»#wliat tomlitfBl iJi aaiiy ia»ta»e«f»,' For 
J^aeki#a m<& il7) that, ia the ©ici-
iatioia #f staFthf. ®®tt@ii aai filter paper| ••eoasideraW® 
©v®roxiiati®a th® ir«aetioii .sl©v©i iom ecmslisr-
ately, hOMswi-g- aft«r the ©©asfBBptioa of aa «Qmi'fal«iit 
-affioimt ©f p®riotie a®ii»^  ^ftairi€s©a CIS) aii® i'«p®rt®i, 
®wr®3Ci4ati^ ©f e©tt©a aad filter paper |, with tmwmtim 
of tomiM @®ii| f©i»aM®hyd® anfl mrhm €i©xii®». I®a4 
C19) foTOd th® ®xiiati©» @i l^atthfl glm®©fi€« ani p-» 
»®tli3rl e®ll®M®st4e to li® #t®i^hiw«trl® !» iolmtioa ©f 
pH Itfs  ^ tliati ftw,. feut that #0a»ia@ra%l®' ©v®r®iEi4ati®a 
&mwtr@d In alkalia® aolmtioa ®r in mM f©lttti®a« «m-
p08®i t© bright smlight# • 1® 'fmrther demoiistrat®# that 
oireroxiiati  ^of e®llml©s® i» aeii «®latioa ii€ B®t 
in th® ahf«ae® ®f lights m ®quival®nt a®@mt ®f p@ri©aie 
aeii beiiag r«i«e@S aiit ao f®»i® aeiii f©raaM#iyi« ®r 
®arhoa di®xide 4et«0t«i| irti®a sahj®et®i t® strong illtai--
aatioai o¥eroxi«iati®a mewtre&f th® ©atiiin®  ^ eellulot® 
had aa appreeiahl® earh®3qrl eoat®at., bM ioiiae aad earboa 
9 
il©3EM« W«3?« f©Me4# 
of tlie p©ssifellitr '©f iiott-»sp®eifi« ©xiiii.tt©a 
ia alteilii« :s©l«tl©m|, tlie r©i««xcli mf IMi tli®si8 wa# 
eoneemti ©aly vith th% mM elsavitg®. 'Tim stelisMoeetry 
©f tim wmMm wat to thm ©as«» ©f aM 
l#^©^tomty3.@a« glfmlB a»d glreol la aeM 
solMtim Ci® ®a«)| thm ©f th« pimeoX 
mlLMtim ws -©feeek-oi ia aelii mmI alkallB# s©-
Ititiini* In all ease# I h f©^ mmt #»#!» ©f imiri-
©€ie aeti w«.# t® with a illwt® #oltttl#a ©f 
th« glfeQl^ fli« results &?@ la fafel# t*:- It 
ii ap-pa^-ftnt that p«jri#iiit®- l©s## its spee-lfielty tm alks-
lta« #©lutt©ii ia %hm m»® ©f ptB»e®3.» 
10 
faM® a» m the st©ietil©»@tfy ©f th® r©«ctl,oa 
.fegtyl.««.Mlwml (l.C^MK pH 1 
tin® of i»®aetl©a 1§ »ia« 1 1/2 tes» 2 1/2 lirs. 21 hrs. 
1»O0 
5..05 l.#5 1.05 l*m 
li#v©.*. bmfcirl«a«. .elyggil pS ea* 1 
ti»« ©f react i@ii 10 mia. 3© aim# h tos, 
1«®1 i«li© i#oi 
filgitelilfailtii., i i»om)^ fU e®* i 
tl»® ©f reacti®a a hrs# *!• tes# 13 tes* 1  ^ lira# 
«glyeoi^ 1.01 
,„l« -em. 1 
tia® ©f renetiofi f 1/% hrs. 6 1/k hm* 23 
®^gly©©l  ^ •SsQ?' tSlj #215 
fl' m&t i 
t'iia# ©f r®aetl©a, 6 tes-* M l /h tea, 53 
#1^^ »201 »'2^% 
111 mm I 
tlffi# ©f r«a#ti©ii, 5 3A tos* 23 1/2 lira# 31 iir#. 
^Ire©!^ -2%i .27^ 
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aii4 fly©0ls of Mfli ijtirity wr® 
©btaiB@a tmm tfe« llatfe«s©a €@», ani w«i*e tombly 
dlstillM ¥sfor# ms^«4' AmaXysiB by f@riMat® ©xi'dntloa 
showii a pmitT ©f 10© ± 3. 
glyeol «f 9§ p®r emM pwtitf m» 
©htmimi. frm tli# toio©}i@al€«S, grotips &t .I©wa Stat® €oll«ge.» 
fli« glyeol hat hmm pmpmreA CtO) fey th« ©f 
•e©Pii M®al mslj^ A®irola«t^ the mim impmltf 
ms til® i®3Et» fli® glymi wms smbjtetei t© a dli#-
tiU&tl©a ttoe^fe a la tiwli "figre&mc mlmmf tli® firit 
fens-th aai tli® fe®lBg fh& distilled 
flyeol wm tmrjBt&lMz&i, at •O^G# tto®@ tl»@i ttm 3®® ®1». 
portions of Kathef  ^Co. LsofafOfyl ®tli«r (aleoliol*fjp«®)| 
th® ether liai h»m 4istllX&Af mA tfe® fi^st portieiif e©a-
talialBg th® wat®r| <21)» fii® first efystalllz* 
atlQn i?eQai,^ ®d tii# s®®i fe®lng ®totm.ia«4 by fr®«i.i»g 
® llttl® of the tsipw® gly®®! la -an a®«t©a«*iry i®® toatfe* 
4ft«i' eaeli eryitslliaatimi. th® po.?ous gly®©l ©ate® wai 
wailied with ©®M, .iiy i8®^pyl ©tli®r#: fli® tlwie® ©rystal-' 
li««d gly®®l was filt®i*®i %y smti^t ami ,m®st ®f tti® ©theif' 
rm&weA by attaebisg tli® flatl t© a wat®y afplipatar m@r* 
miglit». fli® glyeol was tli«a smljeet®  ^ t® a ilstillatioa 
at atffi©»pli®rie pi?®ssw«:| tMe last lialf t>«lBg eoll@etei» 
13 
fkt fr®««lag puiat @f tfa# di8%iUL®t glj©0l waa 
msi»g a 0»3,® tti®wii»«te3f l*er»®d in th% glyeol in m tm% 
tmfe# |aek®t«i with'm Imwgm fmpevmtwem v#rs«» 
ti»« r@ail»g8 mm »ad®» slartiat rnhmtt above, tii# 
p©lat*. fh® peiat m9 t® fe® 
• 3S#4 i e©»®sponding t© pwity ateomt 99 
©mt (21)*. 'Tht» wm regariei as tli® mSnlw® piarltyt siw® 
water aff©et« tfe® f3f©®«liig point iu mmh tli®, »»® my as 
•A© th« i ©f i ls®B®ts»- Analysis toy ^ ©rlMmte, ©xMatim 
»tew®i til® parity t© t»« 100 4 1 p®r e«iit. 
Ii®^0*fettty3.®a® glfUQl w&i frtpar  ^fey tli® f®BEeatatl©ii 
®f I®wa y®llow e©m iseal mfiag an A«jp®i>aelll«t polymyawi. 
em3.tiir«'|.. w&tcfe Ms hmm »kmm to pj»od«te nsarly pur® lew* 
if«er (20)'*  ^ F©f»mla for t&® was $ p@r, «®at 
©©rn mml ani 0#f f@r mmt mMim, e«irb®omts in. distilled 
vaterf for tM® »aln f®ris®ntatioa %ateli®»t. tb® torn »®al 
i«s ,Jji©r®a»®a t® 10 per eent* Ali m«it& w@r® sterilized 
at 18»i0 pmiMs st®®® for at i®a#t 30 i®ia«t®»| 
tli®n t© «©©X t@ r©<a, t«ip®ratw® te®f©r® imoem--
lati®a# 'Gsa® mlp sia,pl®« ®f tli® stoek ©mltiir® Cli0 i-3^> 
mm liitrodme®t imt® 10 i»l# ®f laediwa in @aeli ©f thr®® 
t@st tml»®#| tlieg® wer® iaemfeat®i f©r tm iays at 30®C# 
an4 m®«i to inn©©*iliit® tto®« iOt- al». fe®t®Ji®®# fh® latter 
•%r@r® imstetei f©r 3  ^ li©ar# ani «s®a t© iimoemlate tli®-
t.hr0® »®Jji bftteli®# ©f tfOO ml. ®a©h.. fh® B®ia>at®h®s 
Ik 
*®r@ fm ©ig&t at aft@F ^ieh tlm® 
tb® fl Wfta t© fer aMitioa ®r seiim 
ia« i©lmtl@a aiii tli® »i'Xtiifs flit®r#d, first tlir©«gli. 
©li®«.s®e3L®tli m& thm tte©mg1  ^ i,iati»ae«©ms mmth* After 
aijiistffitat ©f tli« 'pI t© al»mt t^® ®atii?® filtrat® 
wan ev«p^rat«i at 25-35®^* tmiei? tli® r@€tte«i prassw® of 
a Mat®3p asplratey t© apff^OEiBately •»« lit®?. It wai tJjea 
«i:ti'act«i f©r S'tn iaya with; ©tfeyl ethtai-i rnsJug a eoatimm* 
mis ®3itmetl©» apparatwt# flit ®t&®t was 
distll.l«« off mm tli« flyeel dlsttllei miti" tit® reimeM 
pr®si«f® of a mt®t aipla^at#*'# fli®r« wa« ®oJil®©tei a kf 
gtm saiipl® wfeiefe *a» water-wlilt® ani Mai a yafraetiv® 
as® 
lM'«x % / ®iiml t© l»%3t2,t as t© lit«rat»« 
Talmas ®f 2.»^3I.| at M* Cta> ai  ^ C23) fm tl»« p«r® 
e©ffipQ®ai» fli® f^aezing pQ$M @f tli® glycol, ®l»taitt«i fey 
tli® se®@ »etto©i as f&T tfe® ®®#®*" la<»er# was' 2.6»8®C#| 
tM« e®w®sf0i^®i tO' a fwlty ®f' at l®ast fS e«at, 
%as@i mp©m th@ fmm&tm petot iiagra®- tm' iiixtidp®# of th® 
Ismari© tt3»Mtyl«a®'g.lye©l8 C2^)» th® ®pti®«3. rotati  ^
t®® 
©U a® i®t«i®ia®i fey *®atts  ^ @f a K@m Fttil«^®a3.® fQlari*-
»®ter vas *13 #3 t e-^par@t t® a Mtaifatutt® value ®f 
•»13*3  ^ Cat 2#®-©) fm tfe® nimm law e®»p®wai (22)# 
Ai^lysls fey.SQdltMi feytr^nM® titrati®a r#t®al«i as a®M !»• 
fnirtty @f afeawt 0*2f per <i«t| thii ms rmm^A toy tlstlll-
ati©a ff^i ai^yiremi p^tasaiw earfeottat®-# iPerlc^at® 
If 
fair# a parity @f 1Q©#5 t  ^ mn%» 
f,ftm®tto|r3.«tbsr3lt»« C2« methfl 2* liittiie) wmu prspaipM 
(25) • "bf ai«ti2.1atl«R fwm m mtxtmm ©f J,il smlffflpie aeii 
aai t*' smjl nXe^feoi*. ffe# listillat® wma tol®i m@r ealel-
vm ehierld# %m& ftpltrlt#- asi rMistillM ttopottgli a la imh 
Vtgmmm mlmmf th® fra«ti.« b#itt«g trm 3^® to.J  ^
Ctia©orf««t«€) ©©llttttfi. 
fw© att'empts w«« »ad# t© prtpai'® tli« ilyeol liy tli# 
aethisa ®f Milas Sass»fta i2&)f mim  ^ «®lBtiTO ©f teyaro* 
g«ia pwoxlil® itt try %»• femtyl sleth©! as fey4i*#3Cylatii*t 
ai®Et aai #«ia» t®tr«iicid« m eatalysti ri«M« wer« less 
tfeaa 10 p«r f®iat»  ^ 4 ©©tliei slmllaiE' 't® that $f letMislte sai 
Adkims C2?)f, «»iag p«i»f©i«le meii %m. aqm«om® s®l«tl©a,, 
p?oir#i t® fe® fflicli a©!*# aatlsfaetotr* M «®ltttt  ^ of IkO 
»!• #f I© f«f' e«at liy«St©i«a |5®f©jcli® aBi »1, 88 
,p®y ©eat f©»ie aei4 Cfe©tk-'lak®? aai 4iaffi«©ii C©»„ r®ai«at 
gmd#)wss pl&eei ta a @B®«lft«i' thif®«-ii@ek®t flask ©tmip* 
f®i witii a r#fl«36 mMmmmr ®M ftlir®!?! 13:0 »1« of tri-
ffi®thyl@tliyl®ii®- wer® a ty©fpi  ^ faaaa®! at siieh 
a rate tJjat tli® liytr®®airte®a rsfliaxM gently aft®!* ®aeh 
addition# th# fMste ma tool®<l in am ie® teatM i^®iie'«f®r 
til®, mtlml&g lj«©a®® to©' vigotoaS'# Aa fe©«i?' • aft®r the re-
a®tioa ai>p®ar@4 t® b®-©irai'i • th.® aixtw® wa® evaporated, 
tmi®r til® r®i«,©®i, :|>r«8i'®f« of a wat®r a»plia'c®r| to a 
¥®lia« of a^iit 300 ml# tb® fori»t® ®it«r wa» saponifiai. 
n «• 
? B 
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Fi¥# rnlm ©f 2,§ M »0il« Bltmt# Ct© saatotaia c-eastaiit 
ionie itresgtli) t^t reimi3P#i a®@«nt ©f 1»# M glyml 
« seitia hf'droscit® or 7§ f>®r emt ptrehlotle 
a©M t^ iivn tli« i®sly#i glyeol -©omeenti-atl^ ^aM pM mm 
pMmd in th® tlM»k mM th# mntmats MlntM t@ 
th® al» »atk# Aftm mt l«it JO »immt®f to tfe@ featk#, 
i.QO «1* of M p®rl©iie actt SQlutios at tii® liatli 
tenperatii*® w«3?« atdM aiii t&« tto©r, m Air F©r#® awrplms 
stop^tehf started, at tli® i«eoiii s'l»k# ©f tfe® r®aeti®m 
vessel. At wmim$ ti»t iat®rml«| %§• »1* st».fX«i war® 
r»©v®i .aijKi iisel»ri®i lat® tit® miictwr®* f Ib® 
waa %&km to fe« tliat fer wfettfe tli® fi.p®tte liai. €raiai®4 
past a ©«rtiii3Ei mm»kf appr®3il»at®lf tli® lalf»*y p©imt' lit 
til® Ms@kmtg@ #f the pipette# 
For all reseti©a »ix:t»@s with -pi Mgiier th&m tw, 
th® q-aeaelitiig «eliitlcm t^nsistei ©f a ffi®aiiir®d ex®®®#, 
mswallr 0#f00 t© 1.000 iil#| &f 0^«100© » to€iii« arseaitet 
pliii k1* of ID p®r e^t, petasslwi iodide s@lmti®a 
satwfated with s®di» feiimrhomte.. fader th®»® e©nditi©aS|, 
the perlodate ms rMmM t# ieiat® hy th® l©dide| pr©-
dm®i»g iodine whl#h oxtdiiei th® arseaite# the mmsM 
arseait® tfat titrated with staadwd C»'Q1 I) iodine 
#©ltiti©ii# 
f®r th® reaction at higher seiditie® (pi lets than 
tw©)| the abQv# teehaifme proved to giT® erratie r®Bmlt»| 
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lo«al mmsBm 'Of a®M fr-®» th# y©aeti#ii allQm©t eawsliig 
smm pefloiat# to 1® F#ime«4 %© l@€in®» f®r tto@i© ran® 
t!i« q^mmching mixMrnm at &n selmtion ©f 
fota»sli» fia« p®f»ieiat#- was t© 
wlileh. mB tttf-atdS witli st&adard C*01 ») tM©dalfat« ao-
iMtiua# fJm p€ipi0dat« mm.mn%mMoB m» eal«smlat«i ftm 
th@ aitfmmm 1» tlitoiulfat# ti%m tm tli® a?-»aetl#B all-
qm% aM th&t f©r an «liqm©t fmm a flaak eontaiaitig m 
ia@ntleal aa®iait ©f a«iA Wt m gl:f6ol# fhm 
analytical ewrm iawlirai wa# €©aili«rafely layg©!?- timn 
ttot fm th® ariaatt® pF©e«iw®t an mwTmt mf lass • %hm 
©aa |»ar mmt in the blaHk^ hmi&i m£ti&im%. to gim iswewm 
iiist«a4 ®f stMiflit llati im tli# flfit ©riaip jsl^ts* 
Thii <iiff lenity ms Qimvmm%@A t© a larg# iagra# toy 
coapafJag' tlia sl©p#a of tlia flrtt ©Mar plots il®g pari-
Mat# v®3f»ms tlji«) oM&lmA fey tli# aFsaiiit# and tli« tlii#-
stilfats at fl 2#20| aM e©jpif#<stijag %M 
felai  ^for tfea tliiesmlfata iataimimtlotti s® as t© giTa a 
itralgtot Una ifltM sl©|se M#ntltal t© tfeat #fetaia®i fey 
th@ arsanita pi^©t®iiapa» %t#a smelt a eoi^raetloii was- ap-* 
pliai to tha lilai&» all ftyst ©rie  ^ ploti fey th® tiiissttl-
fat# taelmiqm® ga^a stmiflit llaea# Smtli a pr©--
ca€w@ wa» aacasaary ©sly fot thm mmm rapii twm 
tlia parluista eoaeeatratious la tiia allqttota feaeama Tary 
faall* 
gi 
Wm tlm Mgk aelditr m pinae©!,. m 
pr#e©tni*« ms Mt«l» flie sriSBitt-tolesrlHSfflete-lodM® 
qmeneMiif was Mpl©y«i, temt tlit rmettm mliqmt 
ms first iigeiiarg«i int# a tali -rnXutim ©outaiaiag th® 
staMaM arseuit^e pl  ^mmm s©iiiM telearb©iiat®| mmm 
potmBlm i&AMe ms quiekly aMM* l©#aiis® th® piRit.eol< '^ 
p#rloiat@ fmcti&m is t© tm tlm®# slower in a©1.ttti©na 
©f pi five t© ®®r@ a#ii •aMiaf tiaeli a proc®itire 
IntroSne-ti a atgMglM®  ^ im tlaing». 
tMm*> gly«©l'©xtilsat f© rapidly at t»para-
twes ab®T@ 0<* that thm rtaetl©n w® smbstaatlally mm 
b@for« thm firtt «affifl#'e©mld to® wltMram f©r aaalyils# 
It m» imM poaslbl# t© gat data at a l©¥®r t«peratwr«i 
mslag empiire©©l«d s®littl©a»#. fk& h^tk eemslstad of am 
le©-water*feydr©ehl©rie aeid aijEtt»@| tli® twiparatar# e©tiM 
fee ©oatroliad t© witliisi .02® fey ©©©a«i©mlly adding a 
llttl®: ©@n©«atrat»d meld • t© ©©apaatat© for dilutions dtia 
t© salting lea* Althomgli tli« raaetants usually stipar  ^
©©©lad at the featfei t«paratw® ©f  ^ aajor dlffl* 
©mlty was aneotiiatarad In ttett iatr©dtieti©ia of the ampliMg 
pipatt® almys ©a^i@d fr®««lni aft«r tli® first ©r saeeM 
all<im©t was taten. M, s«rr«y @f all pr@^l©ms data. ©oll©et«d 
in this T&smmh f©r ilr«©l ©xidati©ni ©f ©©uparafel® speed 
0li©wad that r®prodm©ifel.lity ©f featt«r tliaa 5, per ©ant in 
tlia rat® ©©nstaats ©©ttld fe® ®iip®©ted If %h& initial 
23L 
e©®e®iitrati©a ©f only ©a© ©tfcer p®iat mwm 
m»®i t® ««%©»!»• %lie f3.©p« mi tli® first oMw plot# fli« 
ti»e ©f tm til# &M® |>©.ljit was «©r^®et«i fey n 
e®ast&nt of s«e©«€a m. i©t#r®tat€ tmrn ptmtma. 
yms# It wm felt tlmt tJi# mmmmf of stteli 
tm i©t®wlalttg til® rat« mmtmt» nm m tlma afe®mt 
iim per ©#iit«. 
All pi «®«at8 mm mai# at mm. tmpemtwr© 
witli a II©4®1 & fH »et#r*, Mtl-^lty of hydrogeii 
lo»> wms @mlemlat©i ilr««tly fitm mmh pi aeasur®* 
Bmt# S€w« pfoteaMy l«ss tham f.l t# 0»,a. fl nalt 
ws Intreitieiti by mt e®»«#tiag tm tie t««jp«ratw# m 
tm til® 4» ataisurlng ®xtreB®ly;, l®w pH falmts#. 
22 . 
PISCT3SSI0H 
farimttea of iat® with f&w proiiyleii#, 
*#s®* mM Mtflmm smA -Slsr^ol® 
£3E©eJll«at first wier fl©ts w®r« otetaiaei t©T tli«s« •, 
glyeol# wliea tli« l«tt«iF mm in %»©•• t© tto"®®-' 
f©M • mms» #r mmm*-- a® p««mio fitit ©r4«r rat® e©a-
stauts k* w»i-€ ®fetste«i frcw tfe# sl©f«s @f th« plots ©f 
log Pf w®tms t3jie» %: Miag tt© t®tal p«ri©iat« coae^-
tr®tto»t ia«lmiioi, all sp®«l®f ^ . t@ttpl®3£«d aiii iiaeoaplexed. 
the .©b#«rf#i varJatloa« ©f k* witk pU ar« gt^m la• fables.> 
3--7 mmi llliistrat«d hf jp©iat$ pl@tt.«i 1» f Igitir## 1»^« 
Wmwlm A glv« *m, til® fl f ®nM. t© ete»g# Iby le»» 
th&m. '-i#! »it». 411. pi wmm^ mm mi# at iaitlal p.«rl©iat« 
&ai flyenl eme«atr»ti©a» of '#001® M •Q*i^§ r@» 
ff#etiv«l|r#. »® i«iriat.i©a ftm .first' ®ra«r kia#tles 'wa* 
a<st®i«. 
faliing ©ff ©f rst® i» enlmtieiis. with pi less 
tliaa tlir«# tttgg#st«€ tto# |j«ri®imt« «p#cl«» t© %« 
a aefstlf# i©»| ®ltfe#r I§%* or ffe® klaetiei data 
al®»(i ar« set tuffl®l«»t t# i«im@n»tr&t© m©tiilv©ea'lly 
wlileh of lo»s Is toliaf tto® rea...@tiag| stm® tiiaf mm 
iti rapM ©QSiliteim uril  ^ ©a# aB^t&tr' fcusT® a eoastaat 
rati© ©f e©iie®»tratl©»s the aeii r®ug®» Iteve-^tr.! 
it is ©aty t© pletMT® toeriiaatioa ©f lOii* i©a witfe a 
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glfmt im mmh th® t&ii# wtta®r as witli turn 'wster 
l©a asi»iiif m ®etafe@dral 
©• 10 m" 
4  mi& •  \  /  
/ \ a • 1 • 0 
§  i  /  \  10 m 
cat — gla" 
0 ©• i i 
\ /' eit - cit . © ® 
i  • !  I N / / \ m m ' • ® • I • ® 
® § / \ 
i« -©a • 
Asswiag tlj« t®«e.tliig ion t© lQ%*f th® ©f 
til® r®a#ti©tt 
k  ^ k 
ioii 4 t k—=" c. > proii*eti 
tm»% Mlm 
m&f to® mpwmmtM- W 
- ip » li. (1) it 
whm@ Pf * »w ®f ei»e«ati*a%l©a ®f all f©rl'©ia%« s#®eie» 
« i%* 4- %!%*• •  ^
c » ©©acgmtratlna' #f eeefieai#. 
Kafclftg tts® ©f til® etttiiitoflw eomtaat K», .tii® sb®v® 
'«spr®»®t0a foip Pf aM the €issoeistl©a e^mstamt# @f perl--
odtle a,.eM Clf)t 
®fh® l#iaia®tl©a %104* #4%I0|* Is e«»tl®t®ly 
aegliftM® la aeti 
Zh 
% - ah 1% 
%5l06 
% • f 
k» I lO&^Tm C2) 
4 • -^ |>ir:r ( X 4' ylolt*  ^
la 3f Q is tli« eaaetntratloii ©f meo©Mii»t«i 
flye®!®! aad th# i? ##peetlw attiirity ' 
e©«ffiiii0ttt«, aai I is th® imummMmttmi ©QmllibrtiM 
eoastaat tm. #o»pJ,«x f©3»tl©n* 
lsi»g «!««# of k miA K i«t®imia@i us cnitli»®4 la. th«. 
»«i:t firit ordei? rate ednstsoti w@r« ealem-
lat«€ tmm 3,: aM tm thm^rnhmrwe^ rat# 
e©sstaiits.. i» fnfel®# 3-? ant flgtiip«« & falw® ©f 0»ff 
w&i ®stl«at«i im tti® wm%$m ./yi^ jo^I % 
i«t#»lii®4 f?fw tli« <Iit.ta ©f Of#tttliWi«i| Martta 
Th© con©®iiti'atloii ©f m«ooraijaibt#d glrc©! rmrnlm 
nmrly eonstaat during a glvnn first ©ri«r nBua|. as wi-
i@ae#d the iinearlity of all log % ir®rf.ms tl»® plota# 
4 siapl# eale«3Lati©B shmrs that such shcmli t>« tfe® ®*»® 
proviiliig K is r«a»©i»bly larg# (greater tlms &hmt 19) 
aM/©r th® i® present ia swfflcieat mmm^ 
if 
fafelt J# glye®l ©®l?» Vsrtattwi #f -jpseisi© 
first rut# mms'tMits withi 3^. 
cflyesl) total'« *^§1 " •§0s# 
pM 
• 
|/k%al@f k>ealc.*lo' k«®b»«xl0^ 
2»23 5.9 * 10*' • iff 3.tf 
3.0 277 3*^1 , 3.^ 2 
2,ia 1*4 ai6 •• 3.76 3.if 
3*tS' 5.3 ^ 3.®**^ 2f8 3.iS 3»Sf 
3.6i t.l afi 3.n 3.9^ 
3 *93 i.,a t5f • 3*^ 3*^ 
*6 3.^ 5*m ^^•6 X It 3*92 
^af 5..^  X 10'^  tfifr 3*9^ 3.92 
^aleul&tftd usimg 3 sad k « x 10"^t 
e • ifs, '(©lye®!) • 
2i 
tafel« h* ftiBiethylethylen® glyml fartatl©a» 
of pseudo first ©ri®if Tmt&' 
vith jii* 
C§lye©l) total* «'*008©« 
pi AH* l/k^emlef k*e«l#« • 
2..tf n is"^ I3 1' l%f 
2-f 62.a 15.9 
3»10 f.5 X le lf.9 19..# 
3»6S 2»i 5t,f 19.© aO'#3 
%.t3 
«•»§ • 
5.9 X 10 fl.f 19*3 20».5 
^.63 a*!*- $Uf 19*% 10»¥ 
5-30 5»© X 1#** lf,% 19.? 
6»§0 I*® fl.i 19# 8 
"•Calettlated Iquatiom % iub^ k « 3^' x, 10 ' 
K w if3, (ilycol) me#®Minated » 
( 
2? 
fafel# fft Propylene glycol 0®C» fariation of 
first order rat® ©oastants with pit. 




Q.70 •to %n. Z.f 2«jf 
1.0f *0i5 20a* ^•8 ^•1 
1*33 %m* 6#i ^•9 
U5f •M? 121*. 8»t 7*2 
2,15 *W1 fa,.f 10.8 10*6 
2»if9 • •l»3t $€»f ll».5 11, f 
2*82 ..©Oif 0§-^h il.i , 12 #3 
3.1^ 7#2 3E l#**" B3*3 12.© 12 .-f 
3*m 2*h % 10 82.6 12a 12.#3 
hM 5«3 % llT^ 82*2 12*2 • 12.6 
5»1S 3£ 10 82*2', 12»a 12.1 
•"3 
•e«leulat«i msifig Bqmttom 3 .^IB.? x 10 •$ 
I « 3f0|. Ccilyeol) me:0©rdii»t«i »• •OJI#- ^ 
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faM# Um&^ bmtrl#a« 0®C» fariation ®f 
pSTOi© first orit? rat® ©©astants witli |«. 
Ctire®!) t©tai • #oN.ooi CF®piodet#) • •ooaoi 
ffi A# fe.»0:itle,xl0'' k»obs.3aO 
0,11 .19 915. la 1»% 
urn .©89 k4$^ E#1 2*5 
1.33 ' aff» %#0 
1.^3 ^•9 5.7 
2. 2-? • 005^f ^•1 10.6 10,2 
2-. 53 *0030 m*$ 12»0 11,6 
a»di .^16 
7,1 E 10'^• 
t*S X 10 ^  









^•23 5*9 * 10"^ ^3 '• l%.t. th»h 
5.J»0 
m§ 
1*4 n 10' 
m$ 









a.»-o x 10 • ma 1^.3 1^.3 
5.-?3 
'"'MS 
!•$ X W fO»l l^f,3 1^.% 
*3 
msiiag 'Ifiiatiiiii 3 and k » t0»,8 x 10 'i 
k « fit « •03i+. 
29' 
fafel® Levo- Imtylene glytol O®0» Vmrifttioii of 
ps«Mo first ©rltr mmt&mt with 
C'tlye®!) tetal * *§2i0| «• ,0080# 
pH %# l/k*eale* k*®al0,xl#' k»®fe».3Eir 
0.€S #11 2*k 6*2 
i»oa •096 ZQ% 10.6 
i.f? .§2? $% ua 18. f 
aa? •0046 %5»0 22,2 26, •• 
2*i0 •23.2 26»t 
2,35 *^2,f 23.3  ^ 2?.S 
2»?3 •Q019 3i»9 27*1 29»% 
3t5%- • 2#^9 ^ 1®**' 33*^ 29.9 32.® 
3*m 1»5 X 33*0 3t.3 31a 
3*S i»a X 10^ 33#® 3«-.3 32.7 
3»3 X 1#'* 32.f 30,6 31*1 
6*2 i#3 X 32.f 30«i 3M 
6.4 
*»# 
2*1 H ,1© 32.^ 3CJ.i 29*© 
ttslsi l^ mtioa 3 mA k « ¥7 x 1§ ' | 
k ••li©! (gly#©!) wneo^spdimtod •» .©is fo-r rm* abov« ]^ , 
• 03.3 f©3f- pM mA aaft 
30 
FIG. 1. A TRIMETHYLETHYLENE GLYCOL O.OOX. 
ETHYLENE GLYCOL O.OO^C. FIRST 
ORDER RATE CONSTANTS VERSUS pH. 
31 
0 1 2 3 4 5 6 
pH. 
FIG. 2 .  PROPYLENE GLYCOL 0.00®C. FIRST ORDER 
RATE CONSTANTS VERSUS pH. CURVE 
CALCULATED FROM E q. 3 
32 
0 1 2 3 4 5 6 
pH 
FIG. 3 MESO-BUTYLENE GLYCOL 0.00°C. FIRST 
ORDER RATE CONSTANTS VERSUS pH. 





FIG,^ LEVO-BUTYLENE GLYCOL 0.00°C. FIRST 
ORDER RATE CONSTANTS VERSUS pH. CURVE CALCULATED FROM Eq. 3 
p* 
Cl4)» A p%j&% #f til® lariatl@a of % i#ith . 1# 
gtmn i» fm talm®i ©f % ii«®d far %h& ealemla%i©ai 
mm ni at 0«f. 11*0 mt an^ f*S.*t -4*1®# 
fh® mgwrnmrnt l>®%w®-«a tfe® ®fe»ey¥®a. @ml@iil®t«i 
w&tm illmst»t®i fey Fliwss »mfe»taatimt®s tto® p®st«* 
late tl»t ft wfatif® i®ii| hmm »sitm«i t© Is® 
Is tb® r«®©ttir® p«'3?iMate t-f«el®«i that l©*®:riiif of 
In ®f fS l«ss tbaa. tto® mn h% ®tt3?itoit®i 
Qmiitita%if®l3r t# dimistsliiiit ©f megatlire Im 
with liisy«asiiig a#Mlty«- fiirtli«i®€>r®-| ®Eiil$*0®iat«i H|104 
playa a mwf if mWf t« tk® ®3Eiiatl@ii#. 
fariati©!! ®f Iftkt® vltlj tly®®l 0©a<i«at3ratlQtt| 
®f sat® asaa bqnillferlia €©ffiitaat® 
3 pi*®«iet®a. a li»®arit|r .Itt »t® foy tli®„ p® 
range tto®® to tib® %®» iii fai»«atli®8ts te«-
•e«iiig »«gllgitel3r s»all* fkin limmtitf ma i^e®i ofe-
s©rf®a f©y «ttiyl®B®-, f:r©jiyl«»«i »®a®«» 1®¥®*- lmtyl«a.® 
mm ty-iii®tfe|'l«tiiyl'®n® gli^ ®l$| &»# .te th® fl yaag® ttoee 
to s@*®» itmti®ii 3 t®tii®®i tot 
Bf wmrftm glyeol ®oii®«atrati#a| & plot Of 1/k* verams 




3.0 3.2 3.4 3.6 3.8 
X X 1 0^ 
T 
FIG.5 PLOT OF LOG KD FOR PERIODIC ACID 
VERSUS RECIPROCAL TEMPERATURE. 
FROM DATA OF CROUTHAMEL etal.(l6) 
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sl®t# a/klC'l 3/%^' "blit aM ©Qml3.iteirl» ©©astaata 
esmia hmtii fe# t«t#i'iiiii®i fr©a a slngl# .pl©t. th® aiffi-
emlty ia smeli ® pf®e©awift J.i«s is tM tlimt 
Itttlw mmtm% M- mmt to# •towwn to ©rfier t© •©iraimat® 0f •• 
tli@ gXfml mmmatmtimB* »#th©#^ wowM 
eussist ©f eftl^mlattlng' a terngti mlm® &i E frm th# lljiitliig 
flop® @i plot ©f '1^* mmm th® wmiprmAl ®f th® t#tal 
glfeol %tm iMmmpt is mt s#asitiir® 
t© eliangts la tlie fsliig I iii tM# »aa* 
h@r., ©• thm he &M &b 
!/%» mmm 1/6* ftols pmemme fe# r«p«al®i aatll 
self*©0aslst«tt©f timt l#, mtil tli« slop# ©f 
th® lin« rsprcjimeM' tlie $m® mlm &i % m@&. to ©alewlat# 
for wry iSlut® ©f aai glye©!,' 
tlie i"«aetl.^®3i- to ho 'S^eeM oiritt, < first ®M«r la 
perloiSat® aai first order ia glT^oDf hmms'^ ©f, th® r«l«* 
ti'r®ly iMall mmmt mi mmplm jir®s®at# la ttoe, fsrtlier 
eai® ©f ®tml e®ii@«atratl©ii0* &t t®tal f«rl»<iat« aai-total 
glreol» tfa« i£ia«tle« »ay M r®pr®»®»t®4 by 
."I-«...-)(»-««v (j> 
vh@r® t • tme©ord.iiiatei glyeoi e©iic®iitratl©a. 
% «, total perl^at® eooic^jatratioa 
a 
fto® Isitlal ««ic®mtratloa^«®®i,*«is *#©16© *• 
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&M 
f « S17i5® • m 
th@ faetor f iaa !>• ^ hmm t® rmf W ®©3P« tfeaa 
10 p®r e«at turiag a. typieal s#<s©M ofitr rm, ff 
was detsmiaM ®v«r » fiT®* t® t«s- teM elang# In eonc®s-
tratioa* If«m©#f It is t® lattgrat® ^matim $f 
a pl@t ©f l/Pf mmm ti»® gi^riiig' a straiglit lin® wlt^ 
sl®f® &qml te 
In pra€ti@®, a e'«»lsl»tl0a th« tw© ii«th®i« 
vai to If® f«it® •#ati»faet®i?3r f©r iettmiiiiBi I» 
Islog themt^ kyMmmM®4 iwm the ®f 
t&« l/fe'*- "^^mm l/6t®tal pl^tjaM th® sl©p® @f tli® t®e©i»i 
#3Pi«r pl#t (*%watl t@ fcif)|.. a first atpr®3il»ati0n. t©, K urns 
caleialattd# fmm thin v&tm &t Xf Hf tli® air®rag« C»®arly 
@®iista»t> -iraiti# ©f m©0©riliiat«d flye©l @&aee»tratl^ f©r 
®aefe first #ri®r r®a©tl## «ss eale»lat®at using th® r@-
latloait 
and €•• • % » t|, 
®fh« c©tt«®ntrat4oa of iiae©©ril»at^ glreol at t&® 
mMfotot ©f eaeh first ©rter rt» wat tatem t© te® tii® airer* 
ag® iralw® f©r tli® til® wrlati©!! ttm tMs mm&g9 
"^alm® f©r a glwa rm was ti©t greater tlian 5 per ©«it f®r 
»©®t ©f th® rimi| aai' la all »© greater than 10 par ©eat# 
m 
to' 
* #) (1 
C%>(G) (7) 
wttto .iiM ff 'bfting th® total glr®®3t aaS i>«ipio<lat® e©a-
e®iitrati©m,, r«8pe€tiT@lr» ^  aiipQlat ©f ®atli first 
©rdei- mm* ' A plot ©f 2/k» v@rsmi,3/® faw a stralgltt 
lia®l fro® tfei®' iiit«fe#f% aa€ .slop® ©f tim plotf fe®tt#r 
valw@« of-k aaft E wy« «l®mlat«A»,, pwm%m was 
,y#p«®t®4 t© tfet #©»staiit#:| la «v®rye'as« t^ s@mm& 
s«t of imlnmlttloas gaw ml^s ©f E| frew th« 
sl©p»s ©f tM® •vwsa# 1/i fl<st aM th@ s«eoad'oM®!? 
flott tO;, wlt&la W pet •«©»**. fb® ftaal sets 
«f e®lettl6tl®»» f©r t^® mriatioa • t«t®« wttli g'lreol 
e@nea®tifatt®tt mm f tves, la f&M«i S-»12 »M plotted ' la 
flgw®t fli® iJltti ' shmu la Figw®# 
11-15* 
t^® -mA ®tmilltoli* toaitaat® Mm fi^ ea !»• fam« l^3#. 
fh@ tMieat®i mwmm m® «stJjiat®s toa«®i mp©a tfe# r®'pr#*^' 
imeltollity ©f tli# 'mt® e®aataat® &»i th® «gf®®ffl®at oMaia®i' 
te®tw@®B th® tvo aetfeois for .taltmlatix^ I* , fb®?® .afp@ars 
to fee m 9fstms.tt@- e©tr«liiti@a teetw«®a tfe® ©tmlllteriw 
ani rat# eonstaats- f©r^ th« f#aeti@tt| t&© faeters laflm-
•aei^ tfe« f©f«ati©a ®f th® '©.Miilftx ©aimot %m Ifiaatifiet 
vlth tbos® fav®i?liii its ii»pir#portl©imtl0a» 
If 
fafei® S« Sttiylen® fai-istlows ©f ptwi® first 
order r4t® mmtwmts uttfe glye©!, «s©Be®n« 
tration# 
<% Initial %* ®'* Vk' 
#*Q§®e 
0196 *0123 S©* 0 • 3.I6 316 
Qm$ .0161 6l«? 3 Ml a9*> 
02^ .0220 3*59 279 
Q3S8 ••03i8 .0312 , 32.1 • 3^93 25% 
©fS .W ,11.1 231 
196 .m .188 5a k.h$ 223 
tl# .#13® 76,9 6, @3 166 
Q235 .@18^ ••0166 6©«t 6»62 151 
029^ . ..•0239 .0221 %5*2 7.13 1^ 0 
OSSS^' , •0333 3i»i 126 
.mz •090 11.1 • 9,25. 108 
m am •188 5.3. 9.S^  loa 
•Hi® total glye©! e-@tte«iitratt©tt @t toalf'-^reactloa*. 
a'r#rag# uncooir4ti»%^©i glyeol e©ae«nt»%l@at -ealem* 
l&t©i trm i^witlon 7* 
¥0 
fabl® ft fr@.pyl©re glycol# ?a?£att©b. ®f ts©m@ 
first order rat® eoast&Bts wltli glyeol 
««e©ntratios* 
% ialtiiti .0«# 3/® fe'xlO^ !/!• 
% 00®C 
*mm 80«i IM 93*a. 
tmh^ •oiao •OMJ 6l»3 ll*% 87.5 
•i3§© ^f«0 ia,9 8%.l 
,100 •Ofa lO.f la^i n,h 
•200 .1^ .lf2 f.2 13.f 9%-.2 . 
f.25®c 
,@a§o 
.0135 •oiaf s#»o 21»f • H.5.7 
.oin 41.0 a3^»f kl.$ 
•••0300 .023f. .•#2.23 2f.| 3f#t 
25.5 3f«a 
.0331 • Wt 31.1 27#1 363 
aoo .091 .Ofa 10*9 28.3 35*| 
• 29.0 1^.5 
•200 •as am 5»| 29.9 33»^ 
•file t@tal glyeiil eoM#iitrati®ii at 
••fh® mwraf# • ttbic©®rilaat#i glfml mmmtm%imt eale«-
latui • twm »tmti©tt % 
kl 
fs«mio .first m&mw mM wltli 
glye#! mmmtmtlm* 0. 
% initial §2»* 3/0 k»xlO^' x/u* 
§»§0®e 
•O2-Q0 • 01.3 6' 73. 5 12.7 78,7 








*mm .0730 • 072 
.^2f »0. 
13.9 26*0 38. f 
















Mm .§72f •072. I3*f ^•7 18..3 
'•fh® twtal ili't©.!. eoTO^ utfatie® at telf-resetlim# 
air®tage imcoordimtM gly®©l •e®ae«ii%rati#a, 
ealeiilat®i Iqiaation ?• 
hZ 
fall# 11# !!«#©• totylsa® flre©l« of pstM© 
first ©Mtf mtm eomtants wltk gljreol 
% initial %• ©•• 3/© l/^ » • 
0,00®f 
•020^  .0137 73.0 96.2 
*mk7 *m8f .©m 56, f U^k S7.7 
•0309 *mkf .0237 2^. a 12.8 78.1 
.^ it ••©35^  .0338 2%6 1^ .»6 &S.| 
- 17.7 56.5 
.1^  .w ..tff 10.5 16.5 §%a 
•ao6 am am If, 6 51*0 
1^ » 6 60.2 
pMOi- »®13f 71,t 17, Q 5S,S 
•92%7 .0187 .0179 ff.f 20.7 %8.3 
*Qm .0238 ki^Q 2if.if %!•§ 
27.M. 36.5 
•©3^ 7 •O338 29.6 27.8 36.0 
36.6 a7.3 
•1®| .m • Off 10.5 37.0 27.0 
•flie. totAl glfml. eoite«at.if.att#a vt ^lf«r«a€ti©s#. 
• l^it mmrng^ maeooffiibatei §lyml emsmtrntlostf 
mlmlmtM fipom iqmti®!! f# 
9MW49AV 
rm €•01 tt 060* 5t60' OOf 
g*0| $%x 
tc irC0» X*Z^ t%x EZ£O' 
' 0 ifi tt • tm§* 0020" 
inm* t^w Tit . ttt ooto* OftO* 
r# pa ^^t im* §W CHitO*' 
#•69 • 
n%z t*tc ^ZZQ* ot^o* mto* 
M*m , If Wm* o^to* 04|M* 
i*m rt€ fi mx&* octo* mm* 
ffgf i*0C u ^oto* ^ito* otto* 
fIC 5*Si: w 8900* 00 to • ow 
l*fC C i^t 0^00* otoo* OW 
t'u $9t "h^OO* 02t©« 
^•ST 9^00' iw ooto* 
0'®Ot*O 
I^/C 
_ m ••0 mh tm%m 
to0^3 vi%%i% #%tti8%suoo ®i«a, 40pjo 













5.25®C pH 4.6-4.9 
J_ G 
40 60 80 
FIG. 6 ETHYLENE GLYCOL. RECIPROCAL PSEUDO FIRST ORDER RATE CONSTANTS VERSUS 
RECIPROCAL GLYCOL CONCENTRATIONS. 
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FIG. 7 PROPYLENE GLYCOL. RECIPROCAL PSEUDO 
FIRST ORDER RATE CONSTANTS VERSUS 
RECIPROCAL GLYCOL CONCENTRATIONS. 
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80- 0.00® C 
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FIG. 8 MESO-BUTYLENE GLYCOL. RECIPROCAL 
PSEUDO FIRST ORDER RATE CONSTANTS 
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FIG. 9 LEVO-BUTYLENE GLYCOL. RECIPROCAL 
PSEUDO FIRST ORDER RATE CONSTANTS 















FIG. 10 TRIMETHYLETHYLENE GLYCOL. RECIPROCAL 
PSEUDO FIRST ORDER RATE CONSTANTS 






0.00°C, pH 6.5 2 -
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TIME , MINUTES 
FIG. 12 PROPYLENE GLYCOL. SECOND ORDER 




A. 5.25® C, pH. 7.2 
a 5.25® C, pH. 4.5 
C. 0.00® C, pH. 4.5 
D. 0.00® C, pH. 5.0 
TIME, MINUTES 






x B -4 .12°  C i  pH 5 .1  ,  5 .4  
5-
TiME ,  MINUTES FIG. lif LEVO-BUTYLENE GLYCOL.  SECOND ORDER 
RUNS. (EACH LINE FROM TWO IDENTICAL 
RUNS, PLOTTED TOGETHER.) 
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-|Q. 
MIN UTES Tl ME 
FIG15TRIMETHYLETHYLENE GLYCOL. SECOND ORDER 
RUNS. (EACH LINE FROM TWO IDENTICAL 
RUNS,  PLOTTED TOGETHER) .  
fatel# 13* CI) ik) mmtmmtsi 
§ • t%*'  ^pfeimets. 
i *4 ®lye©l k 'kelo 'sm* 
O.OQJ; .05®C 
^ .10 
f»®pyl«a« $m 12.0 I3i»7 1 •! 
nt 9 m*$ ± s 
IS© 12® 
f3fl«#thylethylene s 3^* ^ 
f%a5 t • W • 
MthfUm 12h 4 a.© i0»a J; 
Ptopyto® tjif g If 30. S ^ 
M®»©* tomtylftii# 3S ^  **• 1 a» 
Sw#. 'batylftB® . 3f5«iao tl*3* it 
fti»#t|i|'lethylene 1.3 lit*. ±m. 
•iiw0- "btitflem® at -4»12»0» 
mt w* 
§ * !%"• ® 
®ly©©l ^  «#m. 







fsfel© 3.5» A®titatl®a ®ii®rgi«i aai^ «ntr©pl«« fm tfe® 
rat® iet®i«siniag for th® rsiig® 
t© 
• k 6 —> proteetf. 
§lye®l teaX# teeal. «•« 
itferi®ib« 
P#©l>3rl®it® •23.5 •18.3 •19 
M®»0- femtyJLfia®' +18#1 42# 
417..6 •37 
ffl»«tliyl«ttyl#b® •35*i •17, S •$5' 
*tme» lmtyl@a® fm tli® rang® t® 0®€# Irrota 
fl'^ea 'Hr® ®stlaat®i ®rfor8, ^ a®€ m|>®ii ®«ti»t®d 
mxiKWi ©rrors i» F&t® .iyisi ®Qttllll>rlia e@nstaiit#» 
56 
st#ri©"«ffee%s tv© er »©!•« grcwp# mm 
proMtolr aee©wa% i&r %h® ©fcs«3rr®d d@ey«a## to 
liteiw e&mtmmts uttU mttlirl siifes%ltmtl®a» 
Sterie eoissidti'atl.Qiis Btfht also ol»®«rr.«i 
in ©qmllibtlaB eoastaat® tm »«§©• aM liwo-
Mtrlen# glre®l8| grmps ©f tli© »«»©-
tetiiig f®re«d s©»idiat iwtthm mp&rt toy of ttm 
rnmhfi grmps* t©wii C30f3l,) tliat th@ l®iro» 
ilyeol, f©i»# a ©@Bfltx witli teorie aeM mmth »©re #asily 
tliiiii io#» th« •«««©• -©oiifewfflif tmt tli@ smB 
r®as©a*. Frie® ani Ia«ll (9) ttiat traat eyel®li@3e@a« 
glfml was ©xiiJ.s«d at a sMwrnr rat® tlian the els lsoii®r| 
it TemiMS to to© ffeomi hmm&tf Just liow «meli of this 
dlfftreiie# earn fe® attrifemtei to a €iff«r®ii«® la at^ilitorlw 
mmtm%»-4 In wim ©f tii# tae#rtaliity la th# struet«r« ®f 
tyast eyeloli«3E«s» gly«©l C3i),i apfa?@mtly e®ntists 
of aa «fiiilll9Fl* «i3Eti»® #f two ls-«i«i*s witk mvf iiff^-
©at i • 0 iistaae##^ it w#mli l>@ fe®tt«ir t® •eiMpai'® tlie 
»t#s ®f ©xi^atioB mt eis a:^ tJrans eyel©pente,n© glynQls. 
tin# tliayiBOiyiMie fanetieas iOT e«|Sl«x f©i®atioii ®M 
foj* th® rat® e0tity@ll.isg st®p &m giirtii In fafeles 1^ mM 
15*^ Vm til© ©qmilitoi-lw reaetlQUf taleulatioas wtr© aad® 
fr^ the f©lloviBg r®lati©aihip#i 
5? 
m m «2,*3 ® l#g I 
m m .  2 * 3  M  mi im  ^
«• • •• 
• f • 
Wqt tfe® 4i8j)i?©p©rtiMati«s reaction, tli® rtlati®as ms*i 
fhiis far, tti® r#aetioB: Ms %t#B r®gari®d as proeaiing 
tbro^fto, tii« i««iii«iie®i 
4 t 6  ^ > proiaet#., 
f«st 8lW 
It |>©iatM ©at thmt telattieaJliy, ®n® e«B»®t iiS'* 
tingmish Mtw^m tlit® mtA tl»t r«pr«««flt»I hri 
K 
10%"* 4 i ^ ,CS 
k 
m » -2.3 1® i@i 
irtitr# is Beltwatm's ensstaat# 
h Is F,|«i@k*s i@iistaat» 




fto® eottstaats ta tfee latter ©as© 
mm Msntitiil witto tli©s« ©tetsioti in th® tfee rat# 
eoiistsats are Jkurger fey tl»« faet^r# t$ 
Ass»iag tfeat tw0 ©©Miiiag r®«-0taat a©l©cMl#« 
a mst p#is-«fa a t@t»l mrngf greater tfeaii a e@rtaA® 
Taltt# is, in ©rier t# a &mplm% m4. greater tii«,ii .% 
(It > St,)^ In @ri®r- to t© giw eltamt© pro<imet#| 
&ni further .m&mim a ^.omtimiom.f ai»trifetiti#ii of «ii®r,gi®«| 
tli®a & piir ©f liairiiig m mmgy greater 
thaa Ig TOst als© Imw f®sset#M @mr$f «n©iagb t© f#r» a 
©s»pl#iE* X% is ©Q»«@tiralil# t^t #a®, is »®t |mstifi«i Im 
r®:gariiiii th% %m a^e^aisas as fe«lag ilstintt# la any 
eas®! Mttl® ip. #aerifi®«i fr®a tft® staMpeint ©f tli«©ry 
fey a®s»l^ tlie first r«fr@«®»tat.l©ii to be tli® mmm eor-
•r«et| #©»®tMag t« gmiati ia that spaelfielty ©f ttee 
©xidati®ft' l8 «a4« «or# raaclily affar^ant* 
fimtel 
fria®tliyl#tliyl«# gly«s©l M€ I>®®b »hmm ^Cpreiriomi 
s«0tl®as) t© h9 ©2ilil2ii 1» t&« sawi. mj m tii« othm gly-^ 
eels sttiiiei# lowtwri «ttfe«tttiitida ©f tto® f@mrtii sttfeyl 
^If ¥®r® great®r %hm Ifi it is .i©ttfetfttl ttot 
®a©ttgls empl0x would fe® pwmmt t© li® d#t®®t«i fey rat® 
»«asw«i«iit.i# 
59 
ipemp ia m atewft eJmnge lis. r@acttirity. W&e 
piaite©l| thm mm%lm wm& imsM aot onlr t© to® v«i?y mmh 
slower hut also t@ fellw th® mmM ©Mef kiii©tl©s 
pr®st»t#4 %f 
i%* * ©. —> ffodm©t8» 
^ « te* (10%"">(0) « k» Wf i • C.S> 
fl©ti ®f l®g- %/% *• mmm vtmm ©t aM 
Fi mite th# iftltlal total flye#l aM p«rl©d«t« 
tratloBSi gaw «x«#ll«at stfaifM with &l&pm ©qh&I 
to k'*<§i * .Fi)/i»3# Althmgh tlie 4iarini a giir^ mm 
ws f©m€ t@ mrr fey set »oy@ tham 0»1 imit, tte«r« ms a 
ffi&rlcti i®p«isi«iia® @f tlit tat® tim pi #f tfe« s®lmtt©a,. 
fafels 1$ gtms iralmts ©f tli« ort®? rat® eoa-
itaiit.f fe»-t«t®»Biii«i if-m Aittmrmt flye#l ani 
at ttar## s.®l#^t#i pi -valu®#*:-. fa"bl®i If 
mM IS audi figiir® li .sfe®w the mwt&tim of tli® @mmM 
rat® eosstaat® witli pi# fli® flat pertloa ©f th« e«r¥® .la 
flgmr® XI ms tateea t® r®pi»®.»®iit tli® i'«aetl©ii meatalysei 
hj hj^mgm i€iB.| th® iraim# of k* ia thit regiea was ta&«a 
t© h& k®* 
A9sm±m Ic* t© b® »ai® mp ®f plw a tern iav«i3.¥i»g 
hfdmgm ion., aM fttrtfe®r atswlng' tli® i®p#iia®iie« m hyir©-
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faW« !$• flmml ?arla%t@u of sseoai 
eoastaats witto pH» 
HmiU&t " ^initial " 
pM At# f fk » lofCfkt^k^) 
0.30 16.3 18,f 3.01 M 
0,67 .21 - a^*6 8.8 2.16 .33 
1.3.0 ' ..*mo 25.5 k,Q 1.02 .01 
1.63 .023 18..f 1*87 .3^6 • f l « 1  
2.25 .Oif€ i»6 1.23 •106 .00 
2.55 .ooaa 1« 12' .053 .6a • a 
3.05 S« 9 iK io 1,1% 1.0f .0183 .IN-
3.90 1.3 X 1®"^ .58 l.§3 •0060 ' .20- • 3 
6.2^ 6. 31 10 
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6.8^ 
^*>•7 




i 1 i i 1 i i 
0 1 2 3 4 5 6 7 pH 
FIG.16 PINACOL. VARIATION OF SECOND 
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FIG.17 PINAGOL. PLOT SHOWING FIRST ORDER 
HYDROGEN ION DEPENDENCY. SLOPE OF 
EACH LINE IS -LOj INTERCEPT IS 
LOG kH 
y» * 
k# aM % given to f atol® the ^Icmlatet 
tli®wm3maai« im@ti&mm 
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